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CERAMICS BASE PLATE AND METHOD OF PRODUCING THE SAME 



BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

5 The present invention relates to a method of producing ceramics base 

plates and specifically to a method of obtaining ceramics base plates by 
dividing a large ceramics sintered base plate. Also, the invention relates to a 
ceramics base plate obtained by the method. 

2. Description of the Related Art: 

10 / Hitherto, as methods of dividing a ceramics sintered base plate into 

plural ceramics base plates dicing with a cutting blade containing grinding 
stone particles such as diamond, etc. and cutting with laser beams have been 
generally known. In these methods, in addition to the case of completely 
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cutting a ceramics sintered base plate, dividing a ceramics ^sint^rjed-base^p^ 
by applying an external force after half cutting the base plate is also carried 
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Dicing with a cutting blade is most generally carried out. For example, 
the ceramics sintered base plate is cut while relatively moving the base plate to 
the X direction and/or the Y direction to the cutting blade. Of the dicing 
methods, a method of dividing a ceramics sintered base plate by applying an 
external force after half cutting the base plate to a definite depth enables the 
restraint of the processing cost as compared with the case of completely cutting 
by reasons such as high treatment capacity, low abrasion of the cutting blade. 



etc. 

Also, in the case of cutting with laser beams, in general, fine holes are 
continuously formed in a ceramics sintered base plate upon irradiation with 
laser beams in a dot-like form. When the formed fine holes penetrate through 
the ceramics sintered base plate, the ceramics sintered base plate is completely- 
divided at a stretch. On the other hand, when the fine holes do not penetrate 
through the ceramics sintered base plate, the cutting is of half cutting, and the 
base plate is then divided by applying an external force. Even in this case, the 
method of dividing the ceramics sintered base plate after half cutting enables 
|the restraint of the processing cost because the treatment time is generally 
short as compared with the case of completely dividing the base plate. 
I In addition, there is also a method, though not so wide spread, in which 

half cutting is applied to a molding of a ceramics, and the molding is sintered to 

form a ceramics sintered base plate, which is then divided along the half cut 

i 

portion. 

I 

Of the related art methods as described above, as shown in Fig. 3, in 
the case of cutting a ceramics sintered base plate 1 by dicing using a cutting 
blade 3, a portion of the ceramics corresponding to a blade width d of the 
cutting blade 3 is wasted as swarf. Also, since the abrasion of the cutting 
blade 3 is severe, diamond is frequently used for the cutting blade. Under 
such circumstances, in dicing using the cutting blade 3, the drawback is that 
the processing cost is increased. 
1 Furthermore, in the general method of dividing a ceramics base plate 



along the half cut groove after half cutting by dicing using a cutting blade 3, 
because each ceramics base plate 2 obtained by dividing has cut residual 
portions 2a by half cutting as shown in Fig. 4, a deviation in size is generated 
corresponding to two times, at the largest, the blade width d of the cutting 
blade 3 to the desired base plate size D. Also, when the cut residual portions 
2a remain on the ceramics base plate 2, there exist many portions which could 
become a breakage-starting point, resulting in a fault of relatively lowered 
1 breaking strength of the ceramics base plate 2. 

V/ Also, in the case of dicing with a cutting blade, a cooling medium such 

as water is used to prevent heating of the cutting blade or the ceramics 
sintered base plate during cutting. If the ceramics sintered base plate is made 
of aluminum nitride, when the base plate is allowed to stand with water, there 
is a problem of the generation of ammonia. 

On the other hand, because in the case of cutting with laser beams, fine 
holes are formed upon irradiation with laser beams, even when cutting is of 
complete cutting or half cutting, a trace by the irradiation with laser beams 
remains on the obtained ceramics base plate. The trace portion formed by the 
irradiation with laser beams becomes a breakage-starting point, whereby the 
strength of the divided ceramics base plates is liable to be lowered. Also, 
when the heat conductivity of a ceramics base plate is high, the heat by the 
irradiated laser beams diffuses on the base plate. Therefore, a treatment of 
prolonging the time for irradiation with laser beams or of increasing the output 
of laser beams is necessary, resulting in a problem of an increase in the 



processing cost. 

Further, when laser beams are irradiated, the ceramics components, 
which have not been sublimed completely, attach ar weld to the peripheral 
portions of the fine holes formed by the laser. Because these attached or 
welded substances are present in a convex form on the ceramics base plate, 
when, for example, a paste is screen-printed in case of forming a metallized 
layer of a baking type, defects may occur on the printed pattern or the 
metallized layer after baking and these attached substances damage the 
printed pattern, and may possibly result in the breakage of the screen. 

In case of the method of applying half cutting to the molding and 
dividing it after sintering, the dimensional accuracy is lowered, as the size of a 
ceramics base plate increases, because of a dispersion shrinkage by sintering. 

SUMMARY OF THE INVENTION 

Under these circumstances, the invention has been made. That is, an 
object of the invention is to provide a method of producing ceramics base plates, 
which can be simply appHed and can reduce the cost in case of producing plural 
ceramics base plates by dividing a ceramics sintered base plate, and does not 
generate substances that attach to surfaces of the ceramics base plates. 

Another object of the invention is to provide a ceramics base plate that 
does not cause ^ the lowering of strength and is excellent in dimensional 
accuracy as produced according to the method of the invention. 

These objects have been attained by the invention as described 



hereinbelow. 

That is, according to an aspect of the invention, there is provided a 
method of producing ceramics base plates, which comprises forming a 
continuous flaw on at least one surface of a ceramics sintered base plate from 
end to end using a flawing tool and dividing the ceramics sintered base plate 
along the flaw by applying an external force. It is preferred that a blade edge 
portion of the flawing tool used in the invention be made of a cemented carb ide 
o r diam ond^ Furthermore, a depth of the flaw to be formed is from 1/100 to 
1/10 of the thickness of the ceramics sintered base plate. 

Also, according to another aspect of the invention, there is provided a 
ceramics base plate obtained by dividing a ceramics sintered base plate, 
wherein the base plate has a flaw trace of a depth of from 1/100 to 1/10 of the 
thickness of the ceramics base plate along an edge between a surface of the 
ceramics base plate and the divided surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic cross-sectional view showing a flawing processing 
to a ceramics sintered base plate according to the method of the invention; 

• Fig. 2 is a schematic cross-sectional view showing a ceramics base plate 
divided by the method of the invention; 

Fig. 3 is a schematic cross-sectional view showing dicing of a ceramics 
sintered base plate with a related art cutting blade; and 

Fig. 4 is a schematic cross-sectional view showing a ceramics base plate 
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divided after half cutting by a related art dicing. 

DETAILED DESCRIPTION OF THE INVENTION 
The invention is described below in detail. 
5 In the method of the invention, as shown in Fig. 1, a continuous flaw la 

is formed on one surface of a ceramics base plate 1 from end to end of the 
surface by a blade edge portion 5a of a flawing tool 5. When an external force 
is applied to the flawed ceramics sintered base plate 1, a flaw spreads to the 
Q thickness direction of the base plate, wherein the flaw la acts as the breakage- 

y 

p 10 starting point, and the ceramics sintered base plate 1 is then divided along the 
- flaw la to obtain plural ceramics base plates 4, as shown in Fig. 2. In this 

case, though the surface of the ceramics sintered base plate 1 to which the flaw 
S la is formed may be both surfaces of the base plate, in general, only one surface 

0 is sufficient. In case of flawing both surfaces, it is necessary to take notice of 

is? 

15 position-matching and directional properties of the flaw la at both the front 
and back surfaces. 

As the flawing tool 5, it is preferred that the blade edge portion 5a is 
made of a hard material such as a cemented carbide (e.g., a WC-Co alloy), 
diamond, etc., and diamond is particularly preferred because in this case, the 

20 strength of the base plate is less lowered. In general, because hard materials 
such as a cemented carbide, diamond, etc. have a higher hardness than that of 
ceramics and are excellent in durability, a sharp flaw can be continuously 
formed on a ceramics sintered base plate 1. 



Also, the flaw la to be formed on the siirface of the ceramics sintered 
base plate 1 by the blade edge portion 5a of the flawing tool 5 is far shallower 
as compared with the case of half cutting by dicing with a related art cutting 
blade. In the former case, a width of the flaw is also very small. Accordingly, 
not only can a deviation in size of the obtained ceramics base plates 4 be 
reduced, but also the time required for forming the flaw can be shortened, and 
the amount of wasted ceramics as swarf can be considerably lowered. Thus, 
the processing cost can be reduced. 

In the invention, the depth of the flaw la to be formed on the surface of 
a ceramics sintered base plate is preferably from 1/100 to 1/10 of the thickness 
of the ceramics sintered base plate. If the depth of the flaw la is less than 
1/100 of the thickness of the ceramics sintered base plate, sometimes even 
when an external force is appUed, the base plate is not divided along the flaw 
la. Also, if the depth of the flaw la exceeds 1/10 of the thickness of the 
ceramics sintered base plate, when the ceramics sintered base plate 1 having 
the flaw la formed thereon is subjected to screen printing or the like as it is, 
the ceramics sintered base plate 1 is liable to be broken. 

Furthermore, because the flaw la formed on the surface of the ceramics 
sintered base plate 1 is in a concave form, even when screen printing with a 
paste for forming a metallized layer is, for example, carried out, the flaw la 
does not damage the printing screen. Therefore, it is possible to apply a 
treatment such as printing to the surface of the ceramics sintered base plate 1 
having the flaw la formed thereon as it is. Also, because in the method of the 
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invention, the attachment of substances to the surface of the base plate does 
not occur differently from the case of processing by irradiation with laser 
beams, a defect by the attached substances does not occur on the metallized 
layer of the base plate. 

As a practical flawing process, the ceramics sintered base plate is 
placed and fixed on, for example, a stepper, etc., and the flawing tool and the 
ceramics sintered base plate are relatively moved to the X direction or the Y 
direction, thereby enabling the carrying out of the flawing process on the 
ceramics sintered base plate at a definite pitch with good accxiracy. Also, in 
this case, if the load applied to the flawing tool is controlled, the depth of the 
flaw can be adjusted. 

As the ceramics sintered base plate which can be used, an aluminum 
nitride sintered base plate is particularly preferred. The aluminimi nitride 
sintered base plate is formed from grains of aluminiun nitride of about several 
Jim and has a structure where the grains are adhered to each other via a grain 
boundary phase. Thus, in case of dividing the aluminum nitride sintered base 
plate having a flaw formed on its surface by applying an external force thereto, 
the flaw spreads successively while the flaw acts as a breakage-starting point, 
and the base plate can be easily divided. As the divided surface is very smooth, 
and consequently the possible breakage-starting points are decreased, the 
ceramics base plate keeping its inherent strength can be obtained, as opposed 
to the case of the cutting with laser beams. 

In a related art of dicing process of an aluminum nitride sintered base 



plate, a cooling medium such as water is used for protecting the cutting blade 
from heat generated by the friction between the base plate and the cutting 
blade. In this case, when water attaches to the exposed surface of the base 
plate by dicing without being covered by the oxide film, ammonia may be 
generated upon the reaction of aluminum nitride with water. However, 
according to the method of the invention, because it is not necessary to use a 
cooling medium such as water during the flawing process or at subsequent 
dividing, even when the ceramics sintered base plate is an aluminum nitride 
sintered base plate, the generation of ammorua does not occur. 

The hardness of the ceramics sintered base plate which is divided by 
flawing according to the method of the invention is preferably 1,500 Hv or 
lower in terms of Vickers hardness. If the Vickers hardness of the base plate 
exceeds 1,500 Hv, even when a ceramics sintered base plate is subjected to the 
flawing process by a flawing tool, the depth of the flaw formed is liable to 
become shallow, whereby in the case of dividing the base plate by applying an 
external force, the base plate is scarcely divided along the form of the flaw and 
may possibly cause local breakage of the base plate. 

According to the invention, as shown in Fig. 1, the ceramics sintered 
base plate 1 having the flaw la formed thereon is divided, whereby plural 
ceramics base plates 4 are obtained as shown in Fig. 2. Since the ceramics 
base plates 4 obtained by the division are divided to the thickness direction 
along the flaw la, a flaw trace lb remains along an edge between the surface 
4a and the divided surface 4b of the ceramics base plate 4. The depth of the 
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flaw trace lb is desirably in the range of from 1/100 to 1/10 of the thickness of 
the ceramics base plate 4. 

The invention is described below in detail with reference to the 
following Examples. However, it should not be construed that the invention is 
limited thereto. 

Exg^mple 1 

Ceramics sintered base plates each having a size of 50 mm x 50 mm 
and a thickness of 0.635 mm made of aluminum nitride, alumina, and silicon 
nitride, respectively were prepared. On a surface of each ceramics sintered 
base plate a flaw was formed using a flawing tool having a blade edge portion of 
a cemented carbide or artificial diamond. The flaw formed was a linear 
shallow flaw (depth: 30 \im) extending jfrom end to end of the sxirface of the 
base plate, and such flaws were formed on the whole surface of the base plate 
with a pitch of 5.0 mm. Then, an external force was applied to each ceramics 
sintered base plate in a direction such that the formed flaw became a 
breakage-starting point, and the sintered base plate was divided into plural 
ceramics base plates along the flaws. 

Also, each ceramics sintered base plate the same as above was 
completely divided or divided by applying an external force after half cutting by 
cutting with laser beams or dicing with a cutting blade at a pitch of 5.0 mm the 
same as above. In this case, each base plate was irradiated with laser beams 
at a diameter of 120 \im and a pitch of 120 |im.(^^Also, in case of the half cutting, 
the time of irradiation with laser beams was controlled such that the depth the 



laser beams reached from 200 to 250 \im in the thickness direction of the base 
plate\ In addition, with respect to the dicing, a cutting blade having a blade 
width' of 0.2 mm was used and the cutting processing was carried out while 
pouring water. In the case of half cutting, the depth was 300 jun. 

In regard to each of the ceramics base plates thus obtained, the size of 
the width direction (target: 5.0 mm) after division and the tolerance thereof, 
the three-point bending strength, the printability at screen printing of paste, 
the presence of breakage of the base plate at dividing, and the presence of the 
generation of ammonia with respect to the aluminimi nitride sintered base 
plate were evaluated. In this case, for the evaluation of the strength, the 
ceramics base plate was supported at two supporting points (interval: 30 mm) 
while the flawed surface side of the ceramics base plate faced the lower side, a 
load was applied to a middle point between the two supporting points, and the 
load when the base plate was broken was measured. Also, for the size 
measurement, the base plate was equally divided into four parts in the 
lengthwise direction, and the size of the width direction in each of the three 
points of the respective divided parts was measured. The results obtained are 
shown in the following tables with respect to each type of the ceramics base 
plates. 
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Table 1 



[Alximiniun nitride (Vickers hardness: 1,200 Hv)] 



Dividing method 


Mean 
size 
(mm) 


Mean 
strength 
(kg/mm) 


Printabi- 
Uty 


Breaka- 
ge of 
base 
plate 


Genera- 
tion of 
ammoni- 
a 


Dicing with cutting 
blade*: Half cutting 


5.0 ± 
0.21 


27 


Good 


None 


Occurr- 
ed 


Dicing with cutting 
blade*: Complete 
cutting 


5.0 ± 
0.03 


31 


Good 


None 


Occurr- 
ed 


Cutting with laser 
beams*: Half cutting 


5.0 ± 
0.03 


26 


Screen 
was 
damaged 


None 


None 


Cutting with laser 
beams*: Complete 
cutting 


5.0 ± 
0.04 


25 


Screen 
was 
damaged 


None 


None 


Use of cemented 
carbide** 


5.0 ± 
0.02 


34 


Good 


None 


None 


Use of diamond** 


5.0 ± 
0.02 


35 


Good 


None 


None 



Comparison 



Invention 
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Table 2 



[Silicon nitride (Vickers hardness: 1,500 Hv)] 



Dividing method 


Mean 
size 
(mm) 


Mean 
strength 
(kg/mm) 


PrintabiHty 


Breakage 
of base 
plate 


Dicing with cutting 
blade*: Half cutting 


5.0 ± 
0.23 


65 


Good 


None 


Dicing with cutting 
blade*: Complete 
cutting 


5.0 ± 
0.02 


68 


Good 


None 


Cutting with laser 
beams*: Half cutting 


5.0 ± 
0.03 


63 


Screen was 
damaged 


None 


Cutting with laser 
beams*: Complete 
cutting 


5,0 ± 
0.03 


61 


Screen was 
damaged 


None 


Use of cemented 
carbide** 


5.0 ± 
0.03 


71 


Good 


None 


Use of diamond** 


5.0 ± 
0.03 


73 


Good 


None 



Comparison 



Invention 
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Table 3 

[Alumina (Vickers Hardness 2,000 Hv)] 



Dividing method 


Mean 
size 
(mm) 


Mean 
strength 
(kg/mm) 


Printability 


Breakage 
of base 
plate 


Dicing with cutting 
blade : Malt cutting 


5.0 ± 
0.21 


28 


Good 


None 


Dicing with cutting 
blade*: Complete 
cutting 


5.0 ± 

f\ no 
V.Uo 


30 


Good 


None 


Cutting with laser 
beams*: Half cutting 


5.0 ± 
0.03 


29 


Screen was 
damaged 


None 


Cutting with laser 
be ams * : Complete 
cutting 


5.0 ± 
0.04 


27 


Screen was 
damaged 


None 


Use of ceme nte d 
carbide** 


5.0 ± 
0.03 


34 


Good 


One was 
damaged. 


Use of diamond** 


5.0 ± 
0.03 


35 


Good 


None 



Comparison 



Invention 



As is seen from the above results, in the dividing method of the 
invention, a higher dimensional accuracy than that in the dicing with a cutting 
blade is obtained, and plural ceramics base plates can be obtained by easily 
dividing the ceramics sintered base plate without lowering the strength 
inherent to the ceramics as compared to the cutting by irradiation with laser 
beams. Also, it can be seen that the use of the flawing tool having a blade 
edge portion made of diamond is particxilarly preferred because of less 
' reduction in the strength of the formed base plates, and no breakage occurs at 
dividing the ceramics sintered base plate. 
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Ey;amp]ie 2 

Two kinds of aluminum nitride sintered base plates (size: 50 mm x 50 
mm) having a different thickness from each other as* shown in Table 4 below 
were prepared. On the surface of each sintered base plate was formed a flaw 
having the same form as in Example 1 at various depths shown in Table 4 
using a flawing tool having a blade edge portion of artificial diamond in the 
same manner as in Example 1. Then, an Ag paste was subjected to screen 
printing on the surface of each flawed sintered base plate, and after baking, the 
sintered base plate was divided by applying an external force while the flaw 
acted as a breakage-starting point. Five hundred base plates of each of 
Samples 1 to 10 thus obtained were evaluated for the dividing properties. The 
resxilts are shown in Table 4. 



Sa- 
mple 
No. 


Base 
plate 
tliick- 
ness 
(mm) 


Flaw 
depth 
(mm) 


r law 

Base 

thick- 
ness 


Dividing properties 


1* 


0.635 


0.080 


0.13 


One was broken nt nrinfinp' 


2** 


0.635 


0.064 


0.10 


Good 


3** 


0.635 


0.02 


0.03 


Good 


4** 


0.635 


0.007 


0.011 


Good 


5* 


0.635 


0.003 


0.005 


One cotild not be divided along the 
flaw. 


6* 


1.5 


0.2 


0.13 


One was broken at printing. 




1.5 


0.15 


0.10 


Good 


8** 


1.5 


0.06 


0.04 


Good 


9** 


1.5 


0.015 


0.01 


Good 


10* 


1.5 


0.009 


0.006 


One could not be divided along the 
flaw. 



Comparison 



Invention 



As is seen from the results shown in Table 4, almost all of the samples 
could be divided well. However, in Samples 1 and 6, only one (0.2%) of the 500 
base plates was broken by the pressure at screen printing; and in Samples 5 
and 10, only one (0.2%) of the 500 base plates coxild not be divided along the 
flaw, and the base plate having the desired form was not obtained. Also, all of 
the base plates divided in the desired form along the flaw were measured for 
the size (target: 5.0 mm) in the width direction as in Example 1. As a result, it 
was confirmed that the size was within the range of 5.0 ± 0.03 inm. 

As described above, according to the invention, plural ceramics base 
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plates can be produced at a low processing cost by dividing a ceramics sintered 
base plate, and the ceramics base plates thus obtained are free from lowering 
the strength and are excellent in dimensional accuracy. 

Also, according to the invention, when the ceramics sintered base plate 
is an aluminum nitride sintered base plate, because the ceramics base plate 
itself is Uable to cause grain bovmdary breakage, the dimensional accuracy of 
the base plates obtained increases. Further, because water is not used as a 
cooling medium, ammonia is not generated. Moreover, in printing of a paste 
on the ceramics base plates obtained after dividing, no attached substances are 
present on the surfaces thereof, so there is no possibility of damaging the 
screen at screen printing. 

While the invention has been described in detail and with reference to 
specific embodiments thereof, it will be apparent to one skilled in the art that 
various changes and modifications thereof can be made therein with departing 
from the spirit and scope thereof. 



